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ABSTRACT 
 
 
  
 A transgenic animal contains genes not native to its species. The use of these animals in 
research and medicine has dramatically increased our understanding of genetics and disease 
modeling.  This IQP aims to provide an overview of the technical development and applications 
of transgenic animals, as well as the ethical, legal, and societal ramifications of creating these 
animals.  Finally, this IQP will draw conclusions from the research performed and the 
information gathered.  
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PROJECT OBJECTIVES 
 
 
 
 The objective of this project was to research and present a multifaceted view of 
transgenics, including the technology itself and its effects on mankind.  Chapter one offers an 
overview of the different methods for creating and testing transgenic animals.  Chapter two 
provides information on how the different types of transgenic animals are used, and how they 
affect our daily lives. Chapter three presents the many ethical issues surrounding this 
controversial technology, and its impact on society.  Chapter four describes the legal issues 
regarding this emerging technology and the patenting of life.  Finally, the authors offer their own 
opinions on the usefulness and safety of these animals in today's society. 
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Chapter-1: Transgenic Animal Technology 
 William Bryson Caproni 
 
What is a Transgenic Animal? 
A transgenic animal is an organism which has had foreign DNA inserted into its genome.  
This creates an animal that is not normally found in nature.  There are many reasons why 
transgenic animals are created.  The hope is that by inserting the foreign DNA, the animal will 
express a new trait that will be beneficial to society.  The applications of transgenic animals are 
far reaching.  Some species of fish have been engineered to use feed more efficiently in 
aquaculture, while other transgenic animals have been made to express bioluminescence to 
entertain young children.  Other transgenic animals have important medical applications.  Some 
animals such as cows, goats, and sheep have been engineered to create efficient bioreactors that 
manufacture lifesaving medicines.  These animals create and secrete lifesaving protein drugs in 
their milk with no harm to the host animal, giving rise to a whole new type of animal farming 
known as Pharming.  Mice and rats have been designed as advanced human disease models 
allowing rapid and cost effective development of treatments for life threatening illnesses, while 
pigs are being made to have organs which can be used for human transplant (Biotechnology 
Information Series, 1995).  The purpose of this chapter is to describe the technology for how 
these animals are made, and discuss ways for screening transgenic positives. 
 
Recombinant DNA 
Transgenesis is the process of implanting foreign genes (transgenes) into an organism 
with the hope that it will express the trait encoded by the transgene.  In order to understand how 
the transgene is inserted into the animal, we first must understand what genes are.  
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Deoxyribonucleic Acid (DNA) is present in all organisms with the exception of RNA viruses if 
you consider them “living”.  DNA is considered the blueprint of life.  It consists of a double 
helical shape (Figure-1) made up of complementary pairs of nucleotide bases (colored rungs of 
the ladder in the diagram) arranged on a sugar phosphate backbone (blue ribbons in the diagram).  
There are four different bases - adenine (A), thymine (T), guanine (G) and cytosine (C).  The 
different bases are bonded together by weak hydrogen bonds, so they can be separated.  Due to 
the chemical shapes of the individual bases, adenine only bonds to thymine, and guanine to 
cytosine, making two complementary halves to the double helix (What is DNA, 2012).  The 
order of the bases (or the nucleotides containing them) creates a “genetic sequence” that specifies 
the order of amino acids in protein molecules, which gives a cell its properties.  So the sequence 
of the DNA is important.  The DNA sequence is divided into segments or genes, with each gene 
typically encoding one protein chain. 
 
 
 
Figure-1: Chemical Structure of DNA.  This 
figure illustrates DNA’s double helical 
structure and the complementary pairing of its 
bases.  (What is DNA, 2012) 
 
 
 
 
 
 
Every cell in an organism contains essentially the same DNA (although some DNAs 
become chemically modified over time).  In order for this to be true, cells must have some way 
 7 
of repairing damaged DNA and faithfully replicating its sequence.  The mechanisms by which 
cells perform these actions were not discovered until the 1950’s and 1960’s, and involve strand 
separation and the addition of complementary nucleotides using DNA polymerase.   
The ability to manipulate transgenes resulted from several fundamental advances to DNA 
biochemistry and recombinant DNA technology in the 1960’s through the 1990’s.  Especially 
important are the ability to cut DNA at specific sequence locations using restriction enzymes 
(which produces DNA fragments), the ability to fuse or ligate DNA fragments together using 
DNA ligase, and the ability to amplify DNA using vectors such as plasmids or viruses.  
Restriction enzymes were discovered in the late 1960’s by a Swiss biologist, Werner Arber, who 
was investigating the mechanisms of how specific bacteria “restricted” viral infection by 
cleaving its DNA (Pray, 2008).  Bacteriophages are viruses which attack bacteria, and Arber 
observed that some species of bacteria had developed a defense mechanism by which an enzyme 
damages the bacteriophage’s DNA by cutting it at specific sequences.  Different bacteria produce 
different restriction enzymes that cleave DNA at different sequences.  Hundreds of such enzymes 
have been discovered, giving scientists the ability to cut DNA at almost any sequence, including 
producing DNA fragments containing specific genes of interest.   
If two DNA molecules have been cut with the same restriction enzyme, the termini of 
their DNA fragments are compatible (Figure-2), and will anneal to each other if the salt 
concentration is optimal.  So, if a transgene for example is cut by the restriction enzyme EcoRI, 
the transgene fragment contains EcoRI overhangs which can anneal to EcoRI overhangs of other 
EcoRI-cut fragments.  The recombined DNA fragments (recombinant DNA) can then be sealed 
together using the enzyme DNA ligase (diagram lower right), which was discovered in 1967 by 
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Martin Gellert at the National Institutes of Health (Zimmerman et al., 1967).  DNA ligase thus 
allows scientists to seal recombined DNAs in vitro (Pray, 2008). 
 
 
Figure-2: DNA Recombination.  The diagram shows 
the cutting of DNA at specific locations using a 
restriction enzyme which leaves “sticky ends” on DNA 
fragments that can anneal to similarly cut other DNA 
fragments.  Using this approach, a fragment containing a 
transgene, for example, can be mixed and annealed with 
another DNA molecule such as a plasmid, and then 
resealed using DNA ligase. (Merriam, 2002) 
 
 
In order to amplify the transgene, biologists ligate it into a cloning vector, such as a 
plasmid or virus.  These vectors make copies of the transgene when they replicate their own 
DNA.   The discovery of recombinant DNA technology has allowed biologists to clone and 
purify specific transgenes for making transgenic animals.  Additionally, the advent of DNA 
sequencing (to determine the order of nucleotides in DNA molecules like a transgene) and DNA 
synthesis (to create DNA sequences from scratch) greatly advanced the field, allowing scientists 
to analyze and reproduce gene sequences (Pray, 2008). 
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Cloning a Transgene 
The beginning of the process of creating a transgenic animal begins with the cloning of 
the transgene.  The transgene must first be isolated, either by restriction digestion to produce a 
DNA fragment containing the transgene, or by polymerase chain reaction (PCR) (discussed 
below) to amplify copies of the transgene.  In addition to the transgene encoding the desired trait, 
another segment of DNA called a promoter is often needed to control the expression of the gene 
in specific tissues or to turn the gene on and off  (Harper, 1999).   
Once the transgene and its’ promoter sequence have been isolated, they are integrated 
into a vector for amplification and to allow insertion into a host cell.  The vector is often a 
bacterial plasmid or viral DNA.  Bacterial plasmids are small circular DNA molecules that occur 
naturally in bacteria which replicate separately to high copies from the bacteria’s chromosomal 
DNA (Pray, 2008).  Viral vectors are used less commonly, as they are far more time and labor 
intensive to produce, but they do offer the advantage of transferring the transgene more 
efficiently into cells than plasmids, and they usually insert only one copy of the transgene into 
each cell (Harper, 1999). 
 
Creating a Transgenic Animal by Pronuclear Manipulation 
Once the transgene has been cloned, the next step in creating a transgenic animal is to 
insert the transgene into the chromosomal DNA of an animal.  Most transgenic animals are 
created by one of two methods, either pronuclear manipulation or embryotic stem cell 
manipulation.  Both methods have their own respective advantages and disadvantages.  In 
pronuclear manipulation, an egg is fertilized by in vitro fertilization under controlled conditions.  
There are many methods by which the transgene may be introduced into the newly fertilized egg, 
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such as viral vectors or by using sperm containing the transgene; however microinjection into the 
male pronucleus is the most common and reliable method.  Before the male and female pro-
nuclei combine in the newly fertilized egg, the male pro-nucleus is microinjected with a very 
small volume (nanoliters) of the cloned transgene.  The male pro-nucleus is injected rather than 
the female because of its larger size and closer proximity to the periphery of the egg.  This 
microinjection is accomplished through the use of an extremely fine glass micro-pipette which is 
small enough to be inserted without damaging the cell (Figure-3).   
 
 
 
 
 
 
 
Figure-3: Microinjection of DNA Into a Pronucleus.  This picture 
shows the most popular way for producing a transgenic animal by 
microinjecting the transgene DNA solution into the male pronucleus of a 
newly fertilized egg.  On the left is a suction pipette which holds the egg 
in place for microinjection by the glass micropipette on the right.  (DNA 
Microinjection, 2011) 
 
After microinjection, the two pro-nuclei fuse to form a diploid zygote.  Insertion of the 
transgene DNA into the chromosomal DNA is inefficient, and occurs in random locations (which 
is sometimes harmful to the embryo), but if it has been successfully integrated, all cells of the 
resulting organism will carry the transgene as they will all be derived from this manipulated 
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zygote.  Once the zygote divides by mitosis into a two cell embryo, or for 5 days into a 
blastocyst, it is then implanted into a host mother’s uterus  (Transgenic Animals, 2011). 
Pronuclear manipulation has its disadvantages.  Even if each cell of the animal contains 
the transgene, the copy number may strongly differ between eggs.  Some eggs may integrate 
many copies of the transgene, while most do not integrate any at all.  Likewise, the site of 
integration into the host genome is uncontrolled which may lead to suppression of the transgene 
or disrupt other functional genes in the host genome (Harper, 1999).  Confirmation of integration 
of the transgene is usually limited to testing the animal post-birth by PCR or Southern blots 
(discussed below).  
 
Creating a Transgenic Animal by Embryonic Stem Cell Manipulation 
The second main way for creating transgenic animals is to manipulate embryonic stem 
(ES) cells.  In this process, undifferentiated pluripotent stem cells are harvested from the inner 
cell mass of an embryonic blastocyst created by in vitro fertilization.  Pluripotent stem cells have 
the ability to form any of the adult cells of the animal including its gametes.  As with pronuclear 
manipulation there are many different methods by which the transgene may be introduced into 
the stem cell, including chemical transfections, electroporation, or viruses.  However, unlike 
pronuclear manipulation, the stem cells can be tested for transgene integration prior to reinsertion 
into a host blastocyst.  Once the stem cells that integrated the transgene are identified by PCR or 
by growth on antibiotic selection medium, the positive cells are injected into a host blastocyst, 
then the blastocyst is implanted into a host mother’s uterus as before.   
The main disadvantage of this process is it results in the production of mosaic animals 
otherwise known as a chimera.  A chimera is an organism which contains two different 
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genotypes.  Although the injected ES cells contain the transgene, the remaining ES cells in the 
blastocyst do not, so the latter produce non-transgenic cells.  These chimeric animals are then 
screened and inbred to produce an entirely transgenic offspring (Transgenic Knockout Mouse, 
2012).  The advantage of using ES cells is they allow the use of homologous recombination to target the 
transgene to specific sites in the chromosome (see below). 
 
Targeted Transgene Insertion 
Embryonic stem cell manipulation offers the advantage over pronuclear manipulation in 
that scientists can use targeted transgene insertion (Figure-4).  Inserting the transgene at a 
known location in the chromosome is accomplished by creating a vector that is several thousand 
base pairs long containing chromosomal DNA of the target location (blue in the diagram) 
flanking the transgene (red in the diagram).  The DNA is analogous to the animal’s DNA at the 
target site except it also contains the transgene and associated promoter.  Containing a long 
segment of chromosomal DNA greatly increases the chances of homologous recombination 
between the transgene vector and the chromosomal DNA.  In homologous recombination, as 
opposed to random integration, the transgene replaces a segment of the hosts’ original genome 
(upper part of diagram).   
In addition to the transgene of interest and its promoter, the construct sometimes contains 
genes which increase or decrease resistance to drugs (green in the diagram).  In the example 
shown in the figure, the construct contains the gene for resistance to neomycin, so cells 
containing this DNA can be grown in a medium containing neomycin while cells lacking the 
DNA will die.  Moreover, the surviving cells which show resistance to neomycin can be further 
tested by Southern blot or PCR to confirm proper integration of the transgene (Transgenic 
Knockout Mouse, 2012). 
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Figure-4:  Diagram of Targeted Gene Insertion.  In this process, the 
transgene (red) is flanked by segments of chromosomal DNA 
representative of the target location (blue).  Homologous recombination 
of the recombinant DNA with the target chromosomal DNA places the 
transgene at the target site (upper diagram).  In this example, cells 
containing the transgene can be selected by growth in medium containing 
neomycin because the transgene contains the gene for neomycin 
resistance (green).  (Transgenic Animals, 2011) 
 
Testing Potential Transgenic Offspring 
The production of transgenic animals is a very inefficient process.  Once potentially 
transgenic pups are born, screening is performed by one of several methods to test for presence 
and/or expression of the transgene.  Often a very small piece of the animal’s tail is removed and 
tested by polymerase chain reaction (PCR) or by Southern blot.  
 
Polymerase Chain Reaction   
PCR was discovered in 1986 by Kary B. Mullis (Mullis et al., 1986).  PCR is a DNA 
synthesis reaction performed in vitro which allows billions of copies of a segment of DNA to be 
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amplified from a single strand in a relatively quick and simple process (Figure-5).  In order to 
perform a PCR reaction, first researchers must extract the DNA they want to copy to serve as a 
template for synthesizing more copies (upper part of diagram).  Also needed are two DNA 
primers that flank the transgene (sense and antisense) (middle diagram); these are short sections 
of engineered DNA that work to identify the transgene in its chromosomal location and act as 
sites for DNA synthesis initiation.  To replicate the DNA, a special DNA polymerase enzyme is 
required that is able to withstand high heat; Taq polymerase was originally isolated from 
Thermus aquaticus bacteria that live near thermal vents (Genetic Science, 1969).  Additionally, 
raw nucleotides (A,T,G,C) are needed to incorporate into the growing DNA.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure-5:  Diagram of PCR.  In this process, the template DNA is 
denatured to single strands (upper diagram), then it is cooled which 
allows the DNA primers to anneal (middle diagram).  Taq polymerase 
then extends the primer sequences to make newly synthesized DNA 
(lower diagram).   (Principal of the PCR, 1999) 
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The PCR process begins by mixing the target DNA, primers, Taq polymerase, and 
nucleotides in a reaction vessel then inserting it into a thermal cycler.  A thermal cycler is a 
specialized piece of equipment that heats and cools the reaction vessel repeatedly at preset 
temperatures to allow the different stages of the PCR reaction to take place (Nobel Prize, 2006).  
First, the solution is heated to 95°C which causes the double stranded DNA template to denature 
or unwind, and separate into two single strands (upper part of the figure).  Next, the solution is 
cooled to 54°C to allow the primers to anneal to their respective sense and anti-sense locations 
flanking the transgene to serve as sites for initiating DNA synthesis (middle diagram).  The 
reaction solution is then heated to 72°C allowing DNA polymerization to take place (lower 
diagram); this is the temperature where the Taq polymerase works most effectively.  The 
polymerase starts at the primer on each single strand of DNA and adds nucleotides forming two 
copies of the original target DNA with some single stranded tails.  The thermocycler repeats the 
three fundamental heating steps to exponentially amplify the transgene.  Once the PCR process is 
complete, the sample is electrophoresed through an agarose gel.  If a band of DNA representing 
the transgene is present, it indicates the transgene had integrated into that DNA.   
The PCR process can also be modified for reverse transcriptase-PCR (RT-PCR) in which 
cellular RNA (the product of an active gene) is the starting template instead of DNA.  The RNA 
is reverse transcribed into DNA from which PCR is then performed.  If the analysis shows a 
strong band in the electrophoresis gel (relative to non-transgenic RNA), it indicates the transgene 
is being expressed into RNA in that sample (Principle of the PCR, 1999) so the transgenic 
animal should be functional. 
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Southern Blots 
A Southern blot is another method used to determine whether a transgene has 
incorporated into the genome of a transgenic animal.  The method identifies a specific DNA 
fragment (containing the transgene) from a complex mixture of genomic DNA fragments.  A 
Southern blot is a combination of gel electrophoresis and radioisotope tagging (Figure-6) 
invented by Edwin M. Southern in 1975 (Southern, 1975).  First, the DNA to be tested is isolated 
from for example a potentially transgenic pup’s tail section.  The DNA is then sheared into many 
pieces using restriction enzymes (left diagram), and sorted by size using gel electrophoresis 
(middle diagram).  In gel electrophoresis, the DNA is loaded to the top of an agarose gel tray, 
and an electric charge is applied to the gel.  A positive charge is applied to the bottom of the gel 
and a negative charge is applied at the top.  Because of its phosphate groups, DNA has a slightly 
negative charge, so it moves through the gel to the bottom towards the positive charge.  Smaller 
DNA fragments migrate more quickly through the gel, leaving larger fragments closer to the top.  
Once the fragments have been sorted by size, they are denatured or split into single strands using 
heat or chemical means.  The DNA is then transferred from the gel to a sheet of nitrocellulose 
paper (right diagram).  The membrane retains the original complex pattern of DNA bands.  To 
identify the band containing the transgene, to determine whether it is present in the complex 
mixture, the membrane is hybridized to a single-stranded radioactive probe complementary to 
the transgene (or a portion of it) (red in the figure).  If the transgene is present on the membrane, 
the probe will bind to it, making the transgene band radioactive.  The location and amount of 
radioactivity on the membrane is visualized by exposure to X-ray film.  If the probe has bound to 
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the transgene on the paper, it will show up on the exposed X-ray film, allowing identification 
(Southern Blot, 1994). 
 
Figure-6: Diagram of a Southern Blot.  DNA is cut into fragments 
using restriction enzymes (left panel), then separated by size using 
electrophoresis (middle panel).  The DNA is then blotted to a membrane 
(right side) and hybridized to a radioactive probe (red) that is 
complementary to the transgene of interest.  Exposure of the membrane 
to x-ray film identifies and quantifies the transgene.  (Southern Blot, 
1994) 
 
Breeding Transgenics 
Once the presence of the transgene has been confirmed in an animal, it is sometimes bred 
with similarly positive animals to create pure transgenics or to create stronger producers.  This is 
especially true if the animals were created by manipulation of ES cells which creates chimeric 
animals in which not all cells contain the transgene.  In this case, subsequent breeding is 
performed to produce fully transgenic offspring.  Breeding is also a cheap and effective way to 
maintain a transgenic line, so long as the transgene remains stable in the genome. 
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CHAPTER-2: APPLICATIONS OF TRANSGENICS IN ANIMALS 
Erik Dahlinghaus 
 
There are many useful applications for creating transgenic animals. The purpose of this 
chapter is to enlighten the reader on the types of transgenic animals that have been created to 
date, discuss how they are categorized, provide examples within each category, and describe how 
they can be beneficial.  
The transgenic animals created to date can be divided into five major categories: disease 
models, transpharmers, xenotransplanters, food sources, and scientific models. The following 
will describe specific examples of each of the five major categories. 
 
Transgenic Disease Models 
 In order to understand the mechanisms by which diseases work on humans, and how we 
can treat and prevent them, it is important to have an accurate animal model to study.  New 
medicines cannot be tested in humans without knowing how they affect animals. Unfortunately, 
many animals do not have the genes necessary to contract some of the diseases we wish to study. 
To overcome this challenge, scientists genetically alter animals, usually mice, to contain specific 
genes so that we can infect them with a disease agent, and test potential cures. Many transgenic 
models have already been created to help us design therapies for a variety of diseases, including 
AIDS, Alzheimer’s, and cancer. 
 
AIDS Mouse 
 Over thirty-four million people worldwide are living with human immunodeficiency 
virus (HIV), and another 2.7 million people become infected each year (Avert, 2010). With this 
 20 
growing epidemic, it is important that we study the disease and develop a cure as soon as 
possible. HIV attacks cells that have a combination of two receptors on their cell surface, human 
CD4 and CKR-5. The only animals that naturally get infected with HIV are chimpanzees, a very 
expensive model that can only be experimented in small numbers.  Mice do not become infected 
with HIV.  To help study AIDS, scientists have created a mouse for studying HIV by genetically 
altering them to contain the human CD4 gene and the human CKR-5 co-receptor gene (Bunce 
and Hunt, 2004). The genes were placed under the control of a CD4 promoter to ensure 
expression of the genes in the same white blood cells normally infected by HIV in humans. 
 This model allows researchers to study the symptoms to better diagnose the disease in 
humans, as well as provide a platform to test new medications and treatment methods. By 
studying these mice researchers have not only contributed to our understanding of the HIV-1 
virus, but also provided us with new targets for future treatment methods. 
 
Alzheimer's Mouse 
The progression of Alzheimer’s disease is thought to be due to the formation of amyloid-
beta (Aβ) plaques and intracellular neurofibrillary tangles in the areas of the brain associated 
with memory and cognition, the hippocampus and cerebral cortex (Alzheimer’s Association, 
2012). These tangles and plaque deposits make it difficult for the brain to send information, 
causing the effects commonly associated with Alzheimer’s patients, memory loss, disorientation, 
and in some cases psychosis.  
Animals do not normally get Alzheimer’s.  Orangutans occasionally get it, but the 
symptoms take decades to form, and those primates are not allowed as experimental models.  So, 
scientists engineered rodents to mimic the disease.  The first Alzheimer’s mouse was created 
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collaboratively in 1995 by Worcester Polytechnic Institute and Transgenic Sciences (Games et 
al., 1995).  This model was achieved by expressing human amyloid precursor protein (APP) in 
the brains of mice, under the control of a PDGF-β promoter that ensured expression in the 
hippocampus and cortex. The version of APP used mimicked an Indiana family that gets early 
onset Alzheimer’s.  The mutation accelerates the production of neurotoxic Aβ from the APP 
protein, which causes the mice to exhibit many of the human symptoms of Alzheimer’s disease 
(Games et al, 1995). This mouse model was initially used to study the onset and progression of 
the disease, and was later used to test potential cures. A vaccine was developed using the mouse 
model (Schenk et al., 1999).  The vaccine almost entirely prevented the creation of amyloid 
plaques in young mice, and reduced the damage of plaques that had already developed (Schenk 
et al., 1999). In 2000, the vaccine test moved into human clinical trials, but the trials were 
canceled in 2001 due to brain inflammation in a few of the patients; however a new vaccine 
produced by the same company is currently in Phase III clinical trials and does not appear to 
show any signs of inducing inflammation. 
 
OncoMouse 
 Cancer is difficult to combat because there are many types and causes. To further our 
understanding of cancer, Harvard University partnered with DuPont in the mid-1980’s to design 
a mouse that develops cancerous tumors and that can serve as a model for testing therapeutics. In 
1984, the first OncoMouse was created to study mammary tumor formation by inserting the c-
myc oncogene under the control of a mouse mammary tumor virus (MMTV) promoter to induce 
expression of the oncogene in mammary glands (Stewart et al., 1984). Subsequent OncoMouse 
models have also been created that carry the v-Ha-ras gene driven by the same MMTV promoter. 
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When the two transgenic strains are crossed, it yields hybrid mice that show dramatic 
acceleration in tumor formation (Sinn, 1987). 
 Before this model was created it was necessary to expose mice to high levels of 
carcinogens to induce cancer. This process was dangerous for researchers because it increased 
their likelihood of contracting cancer, and the tumor formation was not reliable. With the new 
transgenic models, researchers do not need to handle carcinogens, and the tumor formation is far 
more reliable. In 1988, the original c-myc OncoMouse patent was awarded, making it the 
world’s first patented animal (Leder and Stewart, 1984).  
 
Transpharmers 
 Transpharmers are animals genetically altered to produce human therapeutic proteins in 
their milk, eggs, or blood. These proteins can be used as medications for humans, and provide a 
cheaper and more accessible route for medicine production. The majority of transpharmers have 
been engineered to produce the desired proteins in milk since it is easier to acquire the drug from 
that fluid, and proteins overexpressed in milk are less likely to affect the animal’s physiology 
than when they are produced in blood. Mice are often used as the initial test system before 
moving on to larger farm animals like goats and cows that can produce more milk volume. 
Figure-1 compares the time it takes to create various transpharming animals versus the yield of 
milk.  Obviously, cows produce the most milk, but they take longer to make transgenic (figure 
right column). 
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Figure-1: Transpharmer Characteristics.  Shown is a list of various transpharmer species, 
how long it takes the species on average to gestate and mature, how much milk is produced 
on average per lactation, and how long it takes to create a transgenic animal for that species.  
(Ziomek, 1998) 
 
The world’s first transpharmer was created in 1987 and was a mouse engineered to 
produce a clot dissolver protein called tissue plasminogen activator (tPA) (Gordon et al., 1987). 
This was achieved by inserting a gene encoding human tPA under the control of a mouse whey 
acidic protein (WAP) promoter to induce expression in the milk. tPA is used in clinical medicine 
to treat stroke.  Later, Tufts University partnered with biotechnology company Genzyme to 
create two goats, one male and one female, which carried the human tPA genes (Ezzel, 1991). 
The female goat and her female offspring produced milk containing tPA at as high as 3 µg/ml. 
By further refining the technique, the group was eventually able to produce concentrations of 
tPA at 3 mg/ml, one thousand-fold higher. 
 Lactoferrin is a multifunctional protein involved the promotion of a healthy immune 
system. Lactoferrin is present in mother’s milk and is necessary for proper infant development, 
but it is missing in cow’s milk.  So, mothers who do not breast feed sometimes have infants with 
low serum concentrations of lactoferrin.  The world’s first transgenic cow was Herman the bull.  
He was engineered to carry the human gene for lactoferrin, so his female offspring will produce 
higher levels of lactoferrin in their milk (Hendolin et al., 1989). In 1994, Herman fathered eight 
calves, of which all of them inherited the gene (Biotech Notes, 1994). It has been shown that his 
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female offspring produce high enough levels of this essential protein to meet the needs of human 
infant development. 
 Transpharming is one of the most advanced of all the transgenic subareas.  In 2008, the 
first transpharmed drug was approved by the FDA for human use.  The drug ATryn® is anti-
thrombin, a blood thinner produced by Genzyme Transgenics (ATryn®, 2008). 
 
Xenotransplanters 
 Currently, more than one hundred thousand men, women, and children require life-saving 
organ transplants, and every ten minutes another name is added to the list. Each day an average 
of eighteen people die from lack of available organs (Donate Life America, 2012). In an effort to 
provide more available organs, scientists are attempting to engineer animal organs to be 
compatible with humans. These animals, known as xenotransplanters, have been genetically 
altered to produce organs that are more likely to be accepted by the human immune system. 
Many animal cells contain surface antigens that trigger hyperacute rejection in humans (Kaiser, 
2002).  
 Successful transplantations using non-engineered animal organs have been performed 
using primates, but this is expensive, and the organs are often too small. Pig organs on the other 
hand are physiologically similar to humans, and abundant animals. However, pigs have 
drawbacks; the endothelial cells which line the vessels of the porcine organs contain enzymes 
that produce surface sugars which the human body rejects. This enzyme has been identified as 
alpha-1,3-galactosyl-transferase (GGTA1) and is responsible for triggering the production of 
sugar alpha-1,3-galatosyl. In 2002, scientists in the Department of Animal Science at the 
University of Missouri created four cloned pigs that did not produce GGTA1 (Lai et al., 2002). 
 25 
However, it was shown that pigs have two separate copies of the gene and unfortunately 
researches have only been able to knock out one of the two alleles (Kaiser, 2002), so the pig 
organs still have small amounts of cell surface alpha-1,3-galactose present. 
 There are other concerns with using porcine donor organs besides rejection. The fear of 
new viruses being transmitted from pigs to humans is also a serious concern. Influenza, which 
can be transmitted from pigs to humans even without transplantation, is of special concern to 
patients after a transplant because they are often given an immunosuppressant to aid in the 
body’s acceptance of the new organ. Although pig-to-human organ transplants are not currently 
approved, in the future all pigs could be modified to be potential donors thereby creating an 
abundance of transplantable organs. 
 
Transgenic Super Foods 
 Transgenic foods are not as uncommon as you might think, there are many fruits and 
vegetables that are engineered to grow larger, have more nutrients, and be more disease resistant. 
A few of these plants, such as the FlavrSavr tomato, already exist in the global market. The goal 
of transgenic animal foods is to produce animals that grow faster, and larger, while consuming 
fewer resources to produce. Though transgenic animals have not yet been approved by the FDA 
for commercial sale, the fish category is close to being approved, and others are being researched 
and produced. 
 
Superpig 
 To produce a larger pig, scientists overexpressed genes for various growth hormones 
including human and ovine. The goal was to produce pigs that grew faster, ate less, and produced 
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less carcass fat. These goals were largely achieved; in pigs they were able to increase the rate of 
gain by 15%, feed efficiency by 18%, and an overwhelming 80% reduction in carcass fat (Miller 
et al., 1989). However, there were a number of unanticipated severe side effects, including 
kidney and liver problems, gastric ulcers, heart disease, and arthritis (Rollin, 1996). Later, 
biologists voluntarily ceased performing further studies on growth hormone transgenic 
mammals. 
 
Superfish 
 Opposed to pigs, fish show much promise for transgenic growth hormone experiments. In 
the mid-1990’s, scientists isolated a protein known as the antifreeze protein, which in cod, 
prevented their tissues from freezing. When this gene was inserted into salmon and activated, it 
caused natural salmon growth hormone to be produced at accelerated rates (Devlin et al., 1997). 
These fish showed increased growth rates, improved flesh color, and increased disease resistance 
(Devlin et al., 1997). 
Transgenic fish have become the most advanced transgenic animal food project.  A 
Massachusetts company, Aquabounty Technologies, has produced a salmon that uses the 
promoter from the antifreeze gene to increase production of natural salmon growth hormone 
year-round, instead of seasonally like normal Atlantic salmon (Aquabounty Technologies, 2012). 
In 2010, the company was very close to receiving FDA approval to market their fish (Gitig, 
2010), but unfortunately in 2011 Congress banned the FDA from approving this for human 
consumption (Rain, 2011). Hopefully, with more study, FDA approval will occur soon. 
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Scientific Models 
 Transgenic animals can also be used to teach us more about the biological functions of 
newly discovered genes and proteins by either over-expressing a particular protein, or by 
knocking out its expression. This can be very useful for determining the role and functions of 
proteins in the body.  These models can also be used to test new transgenic techniques to gauge 
their effectiveness. 
 
Supermouse 
 The world’s first transgenic animal that expressed its transgene was supermouse 
(Palmiter et al., 1982). Supermouse was given the rat growth hormone gene under the control of 
a metallothionein promoter that is strongly expressed in all tissues. The supermice grew much 
larger than regular mice, and were the world’s first expressing transgenic animal (Palmiter et al., 
1982). This mouse proved that transgenic technology actually worked, and scientists could use it 
to study the effects of accelerated growth, or to develop a cure for dwarfism. 
 
Doogie the Smart Mouse 
 In 1999, the creation of a ‘smart’ mouse was announced. Working together, Joe Tsien, a 
neurobiologist at Princeton University, along with members from MIT and Washington 
University, created a strain of mice that had enhanced learning and memory abilities (Tang et al., 
1999). These mice over-expressed the protein NR2B, a subunit of the glutamate receptor that 
predominates in young mice, but is under-expressed in old mice.  By over-expressing NR2B, the 
glutamate receptor present in the brain acquired a more efficient firing property, so the mice 
could learn better, and showed an enhanced ability to maneuver mazes, and retain knowledge 
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(Bliss, 1999). The experiment helped prove the central role of the glutamate receptor in learning 
and memory.  A corresponding NR2B gene has been shown to exist in human brain, so perhaps 
similar experiments could be done in the future to help people with learning deficiencies, or to 
make ‘smart’ people, an ethically charged subject. 
 
ANDi 
 ANDi, the world’s first transgenic monkey, was born in 2001 (Chan et al., 2001). The 
goal was to insert a green fluorescent protein (GFP) gene from a jellyfish into a monkey to prove 
that transgenic technology could be applied to monkeys. GFP allows cells containing it to glow 
under UV light, so it can be used as a simple assay to determine whether the transgene is being 
expressed, but the GFP was not designed to give ANDi any new therapeutic properties. Although 
ANDi possessed this gene, it was not functioning, and he did not glow.  However, later he 
successfully fathered a single offspring which contained the GFP gene and whose cells glowed 
green under UV light, showing the offspring inherited and expressed the transgene (Coglan, 
2009). While monkeys that glow under UV light don’t serve an immediate purpose, it proves that 
transgenic primates can be created, so in the future primates might be engineered to be better 
transgenic models than for example mice. 
 
Chapter-2 Conclusion 
 This chapter serves as a summary of some of the different ways we classify and use 
transgenic animals, and will help facilitate a discussion of transgenic ethics and legalities in later 
chapters. Transgenics is still largely an emerging science, and while there are many different 
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reasons for creating transgenic animals, whether for research or to provide a sustainable food 
supply for our growing population, they all offer us hope for the future.  
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Chapter-3:  Transgenic Ethics 
By: William Bryson Caproni 
 
For millennia, using animal husbandry mankind has been shaping animals to do a job 
better or to look different, but it was not until the last couple of decades that man has been able 
to directly manipulate the genetic material of animals.  In the case of transgenesis, the new 
genetic engineering technology is used to insert a foreign gene into an animal’s genome to give 
the animal new properties to benefit mankind.  But this new level of control gives rise to many 
ethical debates as to what we can and should do with our newfound power.  The purpose of this 
chapter is to consider some of the advancements allowed by this power and to bring into question 
if we, as sentient beings, should use it.   
 
Introduction to Transgenic Ethics 
The ethics of transgenic animals is a balancing act between the benefit to mankind and 
the suffering endured by the animals for our advances.  Transgenic animals hold the potential to 
solve some of the greatest obstacles mankind faces today, from helping us cure deadly diseases, 
to bio-manufacturing life-saving drugs, or helping conquer the world hunger problem.  
Depending on the particular transgenic category, animal suffering can vary from non-existent 
(for example with transpharmers who likely do not even know they are producing the 
pharmaceutical for us) to xenotransplanters and food sources (that sacrifice their lives to save our 
lives).  The ethical questions raised by transgenics are complex and far-reaching, and opinions 
range far across the board.  Some believe that by creating these transgenic animals we have 
violated a natural right held by all living things to live their life without having their genetic 
blueprint altered.  But making a blanket statement prohibiting the development of transgenic 
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animals ignores many of the benefits to society this technology provides.  On the other hand, 
allowing the development of transgenic animals without guidelines, regulations, or ethical 
consideration could lead to tragic mistreatment of these living beings.   
With each category of transgenic animals there is a different set of ethical questions that 
must be answered.  And even within each category, animals must be looked at on a case by case 
basis, carefully weighing the potential advances allowed by an experiment against the suffering 
incurred by the animals used in that experiment.  At what point is animal suffering so great that it 
outweighs the benefits of alleviating human suffering? 
 
Disease Model Ethics 
Disease models are animals engineered to express specific traits of human diseases to 
allow for study of the progression of the disease and to test treatments.  These animals allow for 
rapid targeted development of effective treatments for some of the world’s most heinous 
diseases.  Targeted disease models make pharmaceutical research faster, more accurate, and less 
expensive. Others point out that some of these models increase animal suffering.  These animals 
are engineered to sometimes suffer through short afflicted lives, with no chance from birth for 
normality.  Their lives are far worse than their human counterparts, destined to spend their lives 
in laboratories locked up in cages being poked and prodded until their eventual demise, be it 
from disease or euthanasia once an experiment is complete (Perzigian, 2003).  Others argue that 
no disease model is accurate; the biological differences between animals and humans is too great 
to try to extrapolate results from these experiments.  Often times, one disease model by itself is 
unable to replicate the human disease, so many models are created to express different portions 
of the disease’s mechanism.  By using several different models to mimic one disease, scientists 
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cannot learn how different disease factors come together in humans to make the full disease 
(American Anti-Vivisection Society, 2012).  Given the uncertain outcome of these experiments, 
is it worth the suffering inflicted on these animals?  
 
Alzheimer’s Mouse Ethics 
Alzheimer’s disease (AD) is a neurodegenerative disease affecting 5.4 million 
Americans, and is projected to affect as many as 16 million by 2050.  Today AD is the sixth 
leading cause of death in the United States, yet there is still no cure and still very few emerging 
treatments to slow the progression of this terrible disease (Alzheimer’s Association, 2012).  As 
discussed in Chapter-2, animals other than orangutans do not normally develop Alzheimer’s.  To 
allow for testing and development of drugs and treatments for this disease, the AD mouse was 
created in 1995 (Games et al., 1995). Since its development, the AD mouse has allowed 
scientists to better understand the progression of the disease, particularly the role that the buildup 
of  neurotoxic amyloid-beta (Aβ) has in initiating the disease (Games et al., 1995).  In spite of 
the warnings from the AAV Society (discussed above) that no disease model mimicking a partial 
disease is worth making, the AD mouse taught us that forming Aβ is necessary and sufficient to 
initiate AD.  In addition, the mouse model was used by Elan Pharmaceuticals to develop a 
vaccine that removes the toxic Aβ  to prove that its removal is possible with a vaccine, and doing 
so significantly improves animal behavior (Schenk et al., 1999).  Through testing on the AD 
mice, the vaccine has moved to human clinical trials, although the first vaccine was discontinued 
due to a small percentage of patients with brain inflammation, the second vaccine version shows 
promise as a treatment for AD if administered early enough (Elan, 2012).  With respect to the 
welfare of the AD mice themselves, the mice show no measurable signs of pain or suffering, 
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especially for the first ¾ of their lives.  They eat, play, and reproduce normally.  The only 
deficiency the mice show compared to normal mice comes late in their lives with decreased 
learning and memory (Moran et al., 1995).  With no measureable animal suffering, and the 
enormous medical potential these mice offer to cure such a terrible disease and alleviate the 
suffering endured by Alzheimer’s patients and their families, and to spare some of the billions of 
dollars we spend in the U.S. on this disease, how can we afford to not continue using this disease 
model? 
 
OncoMouse Ethics 
It is estimated that in 2012, over 1.6 million men and women in the United States alone 
will be diagnosed with some form of cancer (National Cancer Institute, 2012).  While many 
types of cancer are treatable today, this was not always the case.  OncoMouse was developed in 
1984, and patented in 1988, through the joint efforts of Harvard University and the chemical 
company DuPont for the purpose of providing a model to study tumor formation and screen for 
treatments (Stewart et al., 1984).  Prior to the development of the OncoMouse, tumor formation 
was induced in mice through exposure to high levels of radiation or carcinogens.  In addition to 
the risk incurred by researchers from handling these carcinogens, this method remained an 
unreliable method for inducing cancer at best.  OncoMouse allowed for reliable tumor formation 
for testing of treatments using a known oncogene c-Myc.  However, unlike the Alzheimer’s 
mouse, the formation of the tumors can be painful at the advanced stages.  This suffering is 
alleviated somewhat through the use of painkillers, and early euthanasia is employed before the 
stages of advanced tumor development, but this model is at the core of the debate regarding 
benefit to society versus animal welfare.  I feel that Institutional Animal Care and Use 
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Committees (IACUCs), whose job is to review and approve each animal experiment performed 
at an institution prior to its initiation, should provide strong oversights to approve only protocols 
that minimize unnecessary animal suffering and early euthanasia.  Under those carefully 
managed instructions, I believe the advances offered by OncoMouse outweigh the negatives.  
 
Transpharmer Ethics 
As discussed in Chapters-1 and -2, transpharmers are animals engineered to produce life-
saving protein drugs in their milk.  Prior to the development of transpharmers, human protein 
drugs were harvested from human cadavers, or by slaughtering pigs or sheep.  These brutish 
methods were highly inefficient, requiring large numbers of animals or cadavers, and potentially 
contained viruses that could contaminate the produced drug.  In addition, many important protein 
drugs could not be harvested this way in biologically active form. The development of 
transpharmers allows the animals to remain alive while producing a drug in the milk, and the 
animals are milked just like a normal farm animal to obtain the drug.  These animals are made so 
that they experience no ill effects from the production of these drugs, as the drug is not found 
outside the milk, and the animals have lives no different than those of ordinary livestock.  Often 
times, the transpharmers have a higher quality of life than normal farm animals, because 
pharmaceutical companies want to protect their investment.  In one case, one transpharmer goat 
was calculated to produce enough anti-thrombin blood thinner to save hundreds of lives 
(Atryn®, 2008).  With the lives saved by these drugs, and no negative impact to the animal, this 
category of transgenic experiment should definitely continue. 
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Xenotransplanter Ethics 
Today, more than 114,000 people are on the waiting list for an organ transplant in the 
United States alone (UNOS, 2012).  These people are currently living lives slowly dying of 
organ failure, or suffering through expensive and painful treatments to survive.  While each 
human organ donor can give up to eight organs, there is still a major organ shortage that needs to 
be filled.  Xenotransplanters may be able to fill this void.  Though some individuals may be 
against the slaughter of animals for transplants; if one pig were slaughtered for each patient on 
the transplant waiting list, this number still pales in comparison to the millions of pigs 
slaughtered annually for food.  Additionally, these xenotransplanter pigs have a higher quality of 
life than pigs destined for slaughter.  Many farm pigs are raised in factory farms with minimal 
space and unhealthy conditions.  Xenotransplanter pigs would be raised in some of the best 
conditions in order to assure the quality of the organs, to help ensure they remain free of viruses 
that could infect humans, and to protect the sizeable monetary investment necessary to produce 
these animals.  Considering the lives that could be saved or made whole by these 
xenotransplanters, this is a field that should definitely be further developed.      
 
Transgenic Food Source Ethics 
It’s well known that there is a global food crisis.  For thousands of years, humans have 
been breeding livestock to be bigger, better, and stronger; but traditional breeding is slow and 
has limits.  Transgenics offers the potential to insert new genes in these animals to create 
livestock that grow bigger, faster, while using less feed.  While transgenics may seem like the 
silver bullet to better livestock, it also holds the potential to increase animal suffering.   
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In this category, transgenics offers the possibility to remove stress genes, making 
livestock into non-sentient beings unaware of their fate to produce food, and better suited to 
factory farms.  But while this could reduce animal suffering, it might only open the door to 
further animal mistreatment and degradation, rather than addressing the underlying issues with 
today’s factory food farms.  This too would violate animal integrity; by removing these stress 
factors, you would be removing what makes these animals living beings, and reducing them to 
the same level as plants or a rock.  Even if these animals were reduced to a non-sentient meat 
machine, they deserve higher ethical concern than a rock.  Looking into the future, perhaps 
scientists can develop a method for growing meat in vitro, eliminating the need to grow farm 
animals for food (Perzigian, 2003).   
 An additional concern in the transgenic food category is whether a particular species can 
support further genetic improvements.  Many species have already been bred by conventional 
means to extreme biological limits.  For example, today’s male turkeys have been bred to be so 
large that they can no longer mount females, and therefore must depend on artificial 
insemination for reproduction.  Additionally, these turkeys have leg problems from carrying the 
additional mass and have compromised immune responses.  Another example is that today’s 
dairy cows have been bred to produce as much as ten times the milk a calf would normally 
consume.  This has led to increases in the occurrences of mastitis (inflammation of the udder) 
resulting in pain for the cows, and other health concerns.  Often times the pain and suffering of 
livestock is simply overlooked as long as it doesn’t affect the production bottom line.  
Transgenics may offer solutions to some of these naturally bred production-related concerns; but 
with these concerns alleviated, the insertion of a new gene might further increase a species 
general lack of wellbeing (Christiansen and Sadoe, 2000).   
 39 
 Transgenics may allow for the same level of food production using fewer animals.  This 
may lead to less crowded conditions; but at the same time the pressure for production would be 
greater on a per animal basis, so doing this may not really alleviate any problems.  Another 
concern of using transgenic animals for food production includes the safety of the food for 
human consumption.  In the United States food sources are closely regulated and monitored by 
the FDA and the USDA.  Some feel that, pending approval by these agencies, food sources from 
transgenic animals should be marked as genetically engineered, leaving the final decision 
whether to purchase for the consumer.  
 
Superpig Ethics 
Superpig, more formally known as the Beltsville pig, was developed to require less feed, 
grow larger and to have less fat.  The Beltsville pig was developed to over-express a human 
growth hormone gene (Miller et al., 1989).  While the experiment was a success with regard to 
the desired goal, and the animal grew larger in less time, there were unforeseen consequences, 
and it is generally regarded as a failure.  While the pig was larger, had less fat, and used less 
feed, it experienced major health problems. The pigs had joint problems and were uncoordinated 
from carrying around the excess bulk.  They also experienced kidney and liver problems along 
with heart disease and a long list of other problems (Rollin, 1996).  The pigs were euthanized, 
and scientists agreed to a moratorium banning growth hormone experiments in mammals.  This 
was an example of ethical self-regulation imposed from within the scientific community, based 
on the fact that animal suffering outweighed any advances gained by the experiment.  The author 
of this chapter agrees with this moratorium. 
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Superfish Ethics 
Fish unlike mammals, do not grow year-round.  Scientists at a Massachusetts company, 
AquaBounty, isolated a gene in Chinook salmon which regulated its seasonal growth cycle.  By 
integrating the regulatory gene into Atlantic salmon, they created fish which grow year-round.  
With this gene, the salmon produced more of its own natural growth hormone without the 
introduction of a foreign growth hormone gene.  These AquAdvantage salmon, also known as 
superfish, grow twice the size of traditional Atlantic salmon in the same amount of time using 
less feed (AquaBounty, 2010).  Some opponents to these transgenic fish fear that if these fish 
were released into the wild, that indigenous salmon populations would be bred out of existence 
in as little as 40 generations (Perzigian, 2003).  AquaBounty has taken this into consideration, 
and its transgenic fish are sterile, and are designed to be grown in inland aquaculture farms, 
decreasing any concerns for animal escape into the wild.  AquaBounty is very close to receiving 
approval by the FDA, which will make AquAdvantage salmon the first transgenic animal 
approved for human consumption (AquaBounty, 2010).  The author of this chapter agrees that 
transgenic fish experiments should continue. 
 
Scientific Models Ethics 
Scientific models are transgenic animals made to over-express or knock-out a specific 
gene so that scientists can gain knowledge about a specific gene’s (or its protein’s) function.  
Often, scientific models are developed in mice as a ‘proof of a concept’ idea to advance the field 
before moving to higher animals. Scientific models are at the forefront of transgenic research, 
and therefore are at higher risk of experiencing ill effects of the transgenesis process.  In each 
experimental situation, there is danger that over-expressing or under-expressing a gene will be 
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detrimental to the animal.  But without scientific models, the successes that have been already 
been experienced in the field of transgenics would never have occurred.  Scientific models must 
continue to be developed in small scale experiments, while using all possible precautions to 
avoid undue animal suffering, by sacrificing the animal as soon as severe symptoms are found.  
 
Chapter-3 Conclusion 
The science of transgenics holds with it great potential for good, but at the same time if 
used inappropriately holds the potential for great indecencies.  This science holds the key to 
alleviate some of man’s greatest ailments, produce life-saving drugs or organs, and help alleviate 
world hunger.  Still in its infancy, transgenics is a constantly developing field both scientifically 
and ethically.  Scientists are no longer merely faced with the question of what they can do; they 
now have to face the more morally-centered questions of what they should do with their power.  
Scientists (as overseen by IACUC committees) have the obligation to carefully consider animal 
welfare prior to conducting any animal experiment, considering the consequences and benefits 
of each experiment as they move forward with each transgenic development.  The public has the 
obligation to educate themselves on the benefits of such animals, which in some cases is 
considerable, and to help scientists view new ways of improving animal welfare. 
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CHAPTER-4: TRANSGENIC LEGALITIES 
Erik Dahlinghaus 
 
  Controversial technologies need stringent regulations, and companies that make 
expensive transgenic animals often need patent protection to regain their production costs.  Thus, 
there are a number of legal issues surrounding the patenting of transgenic animals. On one side 
patenting such animals stimulates additional transgenic research, as it protects a company’s 
investment. On the other side, activists protest that the Patent and Trademark Office does not 
have the authority to grant a patent on life, and such patents could hinder research if the licensing 
fees are too high. In this chapter we will explore the current laws and several landmark 
transgenic cases in both the United States and Canada to discuss whether life should be patented. 
 
Harvard-DuPont OncoMouse 
 The first  patented animal was OncoMouse, receiving its patent on April 12, 1988, and its 
legal case continues to be at the center of the transgenic patent world. The patenting of this 
mouse has been controversial because it gives ownership of a species to a company, specifically 
DuPont. The claim on the patent is as follows: 
A transgenic non-human mammal all of whose germ cells and somatic cells 
contain a recombinant activated oncogene sequence introduced into said mammal, 
or an ancestor of said mammal, at an embryonic stage. (Leder and Stewart, 1984) 
 
This statement is very broad, and attempts to cover any non-human mammal that contains an 
activated oncogene. The award of this claim gives DuPont the right to assert legal action on 
anyone who uses the OncoMouse without permission. 
With the patenting of the OncoMouse, many scientists were concerned that DuPont’s 
licensing fees could slow the testing of new cancer therapies. To combat this, in 2000 DuPont 
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and the US National Institutes of Health negotiated an agreement giving non-profit researchers 
free access to the mouse, with the stipulation that any commercial user must pay for the mice 
(Smaglik, 2000).  But some scientists remain unsatisfied with this arrangement, stating that the 
requirements for free licensing, which force institutions to comply with a contract and submit 
annual reports, are too strict. And for the profit making companies, the commercial licensing fees 
are high and could create a financial burden that will stifle research. Control of distribution has 
been given to Taconic Laboratories, an international supplier of pathogen-free lab animals 
(Taconic, 1998). Taconic hopes to maintain easy access to the mice for scientists to continue 
their research in the field.  
 
OncoMouse in the United States 
 In 1984, Philip Leder and Harvard University filed their first patent regarding the 
OncoMouse (Leder and Stewart, 1984). In 1988, the US Patent and Trademark Office (PTO) 
granted the application as well as two other applications that he and his colleagues had filed. 
They patented the rights to the OncoMouse itself (Leder and Stewart, 1984; Patent 
#4,736,866),the method of providing a cell culture from a transgenic non-human mammal (Leder 
and Stewart, 1992; Patent #5,087,571), and the testing method using transgenic mice expressing 
an oncogene (Leder and Stewart, 1999; Patent #5,925,803). The issuance of these patents 
frightened many individuals worried that patenting mice would eventually lead to patenting 
monkeys, and many appeals were subsequently filed questioning the authority of the PTO to 
grant patents on life. 
 In 2002, Richard Stallman wrote an article calling the coverage of any mammalian 
species “arbitrary boundaries that extend far beyond what was invented by producing this strain” 
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(Stallman, 2002). In Stallman’s opinion, patents should be issued more carefully and with more 
narrow terms to prevent patent holders from having unreasonable power, and to promote 
competition between competing technologies. 
 
OncoMouse in Europe 
 In June of 1985, Harvard filed for a patent in Europe for OncoMouse. It was initially 
refused in 1989 on the grounds that the European Patent Convention (EPC) excludes patenting 
animals. This decision was appealed on two grounds: 
1.) While Article 53(b) states that animals are excluded from patentability, Article 52(1) 
states that patents are available for all inventions capable for industrial application, 
and therefore under Article 52(1) a transgenic animal can be seen as capable for 
industrial application (Sharples and Curley, 2004). 
2.) Article 53(b) includes the phrase “animal varieties” rather than animals, meaning the 
animals were not completely excluded from patentability under this article (Sharples 
and Curley, 2004). 
 
In addition, the European Technical Board of Appeals weighed the suffering of the animal 
against the benefits of the research, and ultimately decided that the benefits that the OncoMouse 
had to offer outweighed the risks associated with patenting the mice (European Patent Office, 
2002). Thus, the European Patent Office overturned their previous decision, and granted the 
patent (EP 0 169 672) on June 24, 1985. 
 
OncoMouse in Canada 
 In 1985, Harvard also filed for a patent in Canada. The patent was initially refused 
because it did not meet the requirements of an invention under the Canadian Patent Act, which 
states that: 
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an “‘invention’ means any new and useful art, process, machine, manufacture or 
composition of matter, or any new and useful improvement in any art, process, 
machine, manufacture or composition of matter;” subject to the prohibition of 
section 27(3) that “No patent shall issue for ... any mere scientific principle or 
abstract theorem” (Cameron, 1997).  
 
At that time, Justice Nadon was the Commissioner of Patents and he believed that OncoMouse 
could not be an invention because it could not be created under the full control of the inventor. 
He also distinguished between lower life forms such as plants and microorganisms versus higher 
life forms, such as humans and animals. He concluded that OncoMouse was a higher life form, 
and therefore could not be patented (Mitchell and Sommerville, 2002).Harvard filed an appeal. 
 In late 2000, the Canadian Federal Court of Appeal reversed the denial of the patent with 
a two-to-one vote. Justice Rothstein concluded that ‘manufacture’ and ‘composition of matter’ 
should be used more broadly, and that there is nothing in the Canadian Patent Act that prevents 
the patenting of higher life forms. The initial decision to patent the OncoMouse frustrated many, 
and organizations such as Greenpeace and CIELAP (Canadian Institute of Environmental Law 
and Policy) brought their views to the Canadian Supreme Court to reverse the decision. They 
claimed that the patents would cause barriers to the free and rapid dissemination of scientific 
research, cause environmental and health risks, and that genetic resources should not be 
patentable (Canadian Environmental Law Association Backgrounder, 2002).  
 The case was appealed to the Canadian Supreme Court, and on December 5, 2002 the 
Canadian Supreme Court denied the OncoMouse patent with a five-to-four vote. They ultimately 
concluded that higher life forms are not patentable, and are not just ‘compositions of matter’ 
within the context of the patent act (Mitchell and Sommerville, 2002). 
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Other Patented Animals 
Diamond vs. Chakrabarty 
Biotechnology patents did not start with OncoMouse. In 1972, microbiologist Ananda 
Chakrabarty applied for a patent for genetically modified bacteria which had the ability to break 
down crude oil. His initial patent application was denied by patent examiner Sidney Diamond on 
the grounds that bacteria were products of nature, and not patentable. Chakrabarty took his case 
against Sidney Diamond to the Supreme Court. The court eventually found that the claim met all 
the requirements set forth in section 101, and granted patents for the bacteria and a carrier 
material to float on the water with the bacteria (Diamond v. Chakrabarty, 1980). This case paved 
the way for future transgenic patents. 
 
ATryn 
ATryn is the first drug approved by the Food and Drug Administration made from a 
transgenic animal. ATryn is human anti-thrombin, used to treat hereditary anti-thrombin 
deficiency. GTC Biotherapeutics in Framingham, MA, the creators of ATryn, have been 
approved to market ATryn in the United States. They have also applied for, and been granted, a 
patent for the production of ATryn (Magneson et al., 2011). 
 
Groups Against the Patenting of Animals 
 Since the OncoMouse patent was granted in 1988 numerous animal rights activist groups 
have protested against further animal patents. Listed below are some of the groups involved, and 
a short description of what they do. 
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AAVS - The American Anti-Vivisection Society 
 Founded in 1883, AAVS attempts to unequivocally oppose and work to end all 
experimentation on animals, and oppose all forms of cruelty to animals. They were the first non-
profit animal advocacy organization in the United States. They also grant funds to scientists 
working on developing non-animal alternatives for testing. 
 
CELA - Canadian Environmental Law Association 
 Founded in 1970, CELA is a non-profit, public interest organization involved in using 
existing laws to protect the environment, and to advocate environmental law reforms. They also 
act as a free legal advisory clinic for the public regarding environmental protection.  
 
PETA- People for the Ethical Treatment of Animals 
 Founded in 1980, PETA is dedicated to establishing and defending the rights of all 
animals. This group believes that humans are just animals, and no more important than any other 
creature. This group is extremely radical, and has no tolerance for those who differ in views and 
opinions from them.  
 
Advantages of Patenting Animals 
There are many advantages to pursuing animal patents in biotechnology. The availability 
of research funding is growing increasingly scarce, and private investors are becoming less 
prevalent. And the cost of performing scientific research is increasing. Without patents, these 
investors are not guaranteed a return of their investment, and therefore are less likely to invest. 
Patent protection helps ensure a return on their investment, and can help stimulate new research. 
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Patents also stimulate competition because scientists want to be the first ones to obtain the 
patent.  
Patents also increase the visibility of emerging science, and facilitate public discussion of 
ethics and law. With biotechnology, a fast progressing field, without the discussion of law and 
ethics we may run into issues in the future where policy makers are not educated about the 
benefits and pitfalls of current technologies. This could prove catastrophic for future 
developments in biotechnology. Ultimately it is important for us to continue examining the pros 
and cons of patenting animals, sooner rather than later. 
 
Disadvantages of Patenting Animals 
 While there are many potential benefits to patenting transgenic animals, there are also 
potential disadvantages. The most apparent disadvantage would be potentially hindered research. 
As more patents are awarded for transgenic animals, there are more costs associated with doing 
research. Many of the transgenic animals patented are animals made for disease modeling. With 
these disease models scientists can begin to understand more about treatment and cures for these 
diseases in humans. But if all of these disease models are patented, labs will be forced to pay 
licensing fees for using these animals, which might ensure that only the wealthy labs can afford 
to do research. Furthermore, the patent holder may also restrict animal breeding off-site, 
providing additional control by the patent holder. DuPont, owner of the OncoMouse patent, 
holds the license not only for the original mouse, and the techniques used to create it, but also on 
all subsequent generations that contain this modified oncogene. This prevents an individual from 
breeding their own colony of oncomice, unless he or she pays the appropriate licensing fee. 
Fortunately, in 2000 DuPont began to allow universities to create local breading colonies. 
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 Another major disadvantage of animal patenting stems from a lack of clarification in the 
patent law. Both Congress and the U.S. Patent Office (PTO) refused to address growing concerns 
of the complexity of biotechnology patentability. As a result, over six thousand biotechnology 
patents were held in limbo until the verdict from the 1988 case of the OncoMouse (Iwaska, 
2000). Since the OncoMouse case, many patents have been filed for transgenic animals, yet the 
method for application grew to great complexity.  Because of the poor clarification of patent law 
surrounding life, each patent is reviewed on a case-by-case basis. This resembles the "I know it 
when I see it" analysis method employed by Justice Potter Stewart which has little technical 
basis (Iwaska, 2000). With so few clear laws, it becomes not a question of whether you can 
patent life, but exactly which life you can patent. The PTO remains firm on its stance of not 
patenting humans, but the OncoMouse contains a human oncogene, and it received a patent. The 
PTO received a patent request for the process by which scientists can create "chimeras," or 
hybrid organisms that are part animal and part human. But the PTO denied this request citing 
their rigid stance on not patenting human beings (Iwaska, 2000). In 2009, the FDA published 
their new guidelines for filing transgenic animal patents (FDA.gov, 2009), so hopefully these 
new guidelines will help streamline the complex process. This area of patent law will remain 
controversial and complex in the ever advancing world of biotechnology. 
 
Chapter-4 Conclusion 
 The intent of this chapter was to discuss patent laws regarding transgenic animals. This 
field remains complex, and ethically and emotionally charged. We applaud the FDA’s attempt in 
2009 to publish new streamlined guidelines for filing transgenic animal patents, but it will be 
necessary to continue to further refine the way in which patents are filed, considered, and granted 
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in biotechnology.  Often, companies are a major driving force in biotechnology, and they want a 
return on their investment.  Thus, patents must continue to be granted, and policy makers must 
continue to verify their claims in a fair and impartial manner, to allow further medical research to 
take place. 
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PROJECT CONCLUSIONS 
 
 
 
 Transgenic animals are engineered to express a gene from another species to provide 
some new benefit to man.  The authors of this paper feel that the potential benefits allowed by 
this cutting-edge research far outweigh the potential consequences, but the technology should 
have strong oversights to ensure animal welfare and to protect the environment. The advances in 
medicine, and resulting increased human welfare, allowed by transgenesis have revolutionized 
the industry.  Transgenic food sources have the potential to quell world hunger, and we feel that 
the FDA should approve Aquabounty’s superfish for human consumption.  We also agree that 
the transgenic experiments initiated with disease models, transpharmers, and xenoplanters should 
all continue, with strong oversights from institutional IACUC committees to ensure animal 
welfare.   
In each transgenic case, the ethical, legal, and ecological ramifications of that particular 
experiment must be thoroughly considered.  We feel that this consideration is best placed in the 
hands of institutional IACUC committees, with oversight by a suitable international regulatory 
body, with an open forum to allow public opinions to hold some weight in the decision making 
process.  In every case strong regulations should be in place to minimize unnecessary animal 
suffering.  Additionally in the case of failed experiments, early euthanasia should be required to 
prevent suffering due to some unexpected genetic malformation.   
Patenting transgenic animals is highly controversial.  We believe that patents should be 
offered for transgenic animals, but they should be narrow to avoid one company having a broad 
ownership of an idea.  Furthermore, we believe that patented animals should be made available 
to non-profit universities without fees for research to avoid stunting the growth of this field.  In 
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conclusion, we feel that transgenics is a new and exciting field which should be further 
developed to provide many benefits to mankind. 
 
